I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The pits and fissures at the occlusal surfaces of molars are retentive areas for food debris and dental plaque, these areas are at an increased risk for development of dental caries because of their complex nature.\[[@ref1]\] Children present greater risks for dental caries due to their highly cariogenic diet, teeth erupting phase, and deep pits and fissures which favor retention of food debris and dental plaque; hence, its prevention is important for these age group.\[[@ref2]\]

Different sealant materials have been widely used to prevent dental caries. There are two main types of sealants as follows: resin-based and glass ionomer-based sealants. Several studies evaluated the retention, microleakage, and hardness of these materials.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] *In vitro* studies comparing the microleakage of different fissure sealants indicated that nanoparticle resin-based sealant had the least microleakage compared to conventional composite resin (CR) and nanoparticle glass ionomer-based sealants.\[[@ref8][@ref9]\]

Glass ionomer sealants considered very effective for sealing newly erupted permanent molars; they are hydrophilic and less sensitive to moisture during their application and they accomplish good adhesion, chemical incorporation, and release of fluoride. In case of partial loss of glass ionomer, there is no evidence of indicated failure and inefficacy since part of the material remains trapped in the bottom of the fissure, releasing fluoride, and preventing caries.\[[@ref10]\]

A relatively recently developed addition to the gamut of pit and fissure sealants is caries resin infiltration which introduced into the market in 2009, this infiltrant utilizes a special resin to fill, seal diseased enamel, and prevent the loss of healthy hard tissue by other invasive methods for caries removal. Compared to pit and fissure sealants, the resin layer is established on the superficial layer of enamel of the pits and fissures, whereas in the infiltration technique a low viscosity resin-infiltrant is soaked into the porous lesion body, in the proximal or cervical surfaces, replacing the lost mineral with resin.\[[@ref11][@ref12]\]

The infiltrant technique has certain advantages such as the absence of margins on the tooth surface that could promote dental plaque accumulation and may enhance the susceptibility to recurrent dental caries. It also strengthens the lesion mechanically, thereby preventing rapid destruction.\[[@ref13]\]

Different *in vitro* studies have carried out to evaluate the penetration of resin infiltrant and a conventional sealant into pit and fissure carious lesions. Based on these studies, resin infiltrant leads to more deeply infiltrated lesions, which might, in turn, result in increased resistance to caries progression.\[[@ref14][@ref15]\] The manufacturers of this new product claim that it is a micro-invasive treatment of the early carious lesions and can penetrate several hundred micrometers deep into natural carious lesions, when employed as per manufacturer\'s instructions. This technique can be an alternative to other noninvasive strategies already in practice to manage initial carious lesions. Resin infiltrant has the mechanical ability to prevent further demineralization, preserving healthy tooth structure, and excellent patient\'s acceptance.\[[@ref16]\]

Prajapati *et al.*\[[@ref17]\] evaluated the effectiveness of resin infiltration on artificial carious lesion by assessing the depth of resin penetration and the change in microhardness of carious lesion after resin infiltrant application, they observed that, the mean depth of infiltrant penetration was 516.8 μm. There was a significant increase in Vickers hardness number values of demineralized lesion after resin infiltration.

Kielbassa *et al.*\[[@ref18]\] assessed the infiltration capability and the rate of microleakage of a low-viscous resin infiltrant combined with a flowable CR (RI/CR) when used with deproteinized and etched occlusal subsurface lesions. This combined treatment procedure has compared with the exclusive use of flowable CR for fissure sealing. They concluded that carious lesions had not infiltrated with flowable CR while uniformly infiltrated to a substantial extent with (RI/CR). Furthermore, microleakage and the occurrence of voids had reduced in the RI/CR group when compared with the CR group. The RI/CR approach enhanced the initial quality of fissure sealing and recommended for the clinical control of occlusal caries.

The efficacy of different pit and fissure sealants normally depends on the adhesion and the retention of the material. Thus, throughout the development of new sealing materials focus remained on the improvement of the retention; resulting in the change in the recommended conventional etch- and rinse procedures. However, continuous improvement in these materials, the loss of retention is still an observed problem.\[[@ref19]\]

There is no enough scientific evidence about the efficacy of resin infiltrant as a pit and fissure sealant. No consensus exists about its common use in clinical practice. In addition, *in vivo* investigations on prevention of pits and fissures caries efficacy of different commercially available sealant materials are limited. Assuming the infiltrant diffuses deeply in micropores of etched enamel and non cavitated carious lesions. The present study designed to evaluate the efficacy of resin infiltrant (ICON) and compare its efficacy in prevention of pits and fissures caries with two commercially available and clinically recommended fissure sealants and also to evaluate its efficacy in combination with nanoparticle resin-based sealing materials, to overcome the disadvantages of infiltrant and render the advantages of nanoparticle resin sealing materials.

A[IM OF THE]{.smallcaps} W[ORK]{.smallcaps} {#sec1-2}
===========================================

The present clinical trial carried out to:

Evaluate the efficacy of resin infiltrant (Icon) in prevention of pits and fissure cariesEvaluate the efficacy of Icon combination with nanoparticle resin sealing material (Seal It) in the prevention of pits and fissure cariesCompare the efficacy of different pit and fissure sealants modalities used for the prevention of pit and fissures caries *in vivo*.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-3}
=================================================

E[THICAL APPROVAL AND TRIAL DESIGN]{.smallcaps} {#sec2-1}
-----------------------------------------------

The present clinical trial has carried out at the dental clinic of Pediatric, Dental Public Health and Preventive Dentistry Department after obtaining the ethical approval (IRB number 149-2015) from Institutional Ethical Committee, Faculty of Dentistry, Mansoura University, Egypt and trial registration number ISRCTN15306760. The trial was composed of four groups of first permanent molars of school children aged 6--8 years. The study carried out in a split-mouth design and the groups named according to treatment modalities as illustrated in flow diagram \[[Figure 1](#F1){ref-type="fig"}\].

![The distribution of the treatment modalities](JISPCD-9-119-g001){#F1}

S[AMPLE SIZE]{.smallcaps} {#sec2-2}
-------------------------

The specific target of the study was the pits and fissures of first permanent molars. By calculation of the sample size at confidence level 95% and confidence interval of 5% and expected percentages of pits and fissures caries prevention of 70%, the estimated sample was (156) which increased to (176) molars.

P[ARTICIPANT INCLUSION CRITERIA]{.smallcaps} {#sec2-3}
--------------------------------------------

Children free from systemic diseasesAll four permanent first molars should be fully eruptedAll molars had sound, non cavitated Grade 0, 1, or 2 caries according to the International Caries Detection and Assessment System (ICDAS) caries diagnostic criteria.\[[@ref20]\]

P[ARTICIPANT EXCLUSION CRITERIA]{.smallcaps} {#sec2-4}
--------------------------------------------

Children with hypo-plastic permanent first molar, proximal caries, occlusal carious lesions more than Grade 2 or any developmental anomaliesChildren who felt not to be sufficiently cooperative to allow sealant placementChildren with systemic disorders.

S[AMPLE SELECTION]{.smallcaps} {#sec2-5}
------------------------------

A total of 111 children, aged 6--8 years, from three primary governmental schools were examined after obtaining written informed consent from school authorities. Detailed consent forms which illustrating the importance of pit and fissure sealants for caries prevention and the application procedure sent to parents of 69 children who have the selection criteria. Consent forms signed by the children\'s parents with agreement to participate in the present study obtained from 44 children (25 boys + 19 girls) who formed the study group.

M[ATERIALS]{.smallcaps} {#sec2-6}
-----------------------

Three different pit and fissure sealant materials had used in the present trial.

ICON™; it is infiltrant resin (DMG Dental Materials, Hamburg, Germany)Seal It; it is nanoparticle composite based pit and fissure sealant (SPIDENT CO., LTD. Room 203&312, Korea Industrial Complex, 722, Kojan-dong, Namdong-ku, Incheon, Korea.)GCP glass seal; it is nanoparticle glass ionomer-based pit and fissure sealant (GCP Dental \| First Scientific Dental GmbH, Elmshom, Germany. Product no: 20200).

R[ANDOMIZATION]{.smallcaps} {#sec2-7}
---------------------------

The selected molars randomly classified into four groups according to treatment modalities as the follows:

Treatment modality number 1 (ICON group)Treatment modality number 2 (Seal It group)Treatment modality number 3 (GCP glass seal group)Treatment modality number 4 (ICON and Seal It combination group).

Every child received the four treatment modalities (one modality/molar), each material was used for the treatment of 44 molars (11 molars in each quadrant). The four treatment modalities had written on 44 cards. The children asked to pull a card randomly from a basket under the supervision of the researcher.

B[LINDING]{.smallcaps} {#sec2-8}
----------------------

The well-trained and calibrated external examiner who was blind to study design and materials used did the clinical examination and evaluation of sealant retention. The collected data were analyzed using an external statistician.

D[ATA VALIDITY]{.smallcaps} {#sec2-9}
---------------------------

Two investigators and external evaluator carried out the present study. The intra-examiner consistency of measurements before and during the study confirmed through training and calibration of the external evaluator. The inter-examiner consistency performed between the two investigators and the external evaluator, calibration tested by Kappa test, the inter-examiner and intra-examiner consistencies were 86% and 88%, respectively.

C[LINICAL INTERVENTIONS]{.smallcaps} {#sec2-10}
------------------------------------

For ethical reasons, all participants with dental problems referred for necessary treatment in dental clinic of Pediatric Dentistry Department, Faculty of Dentistry, Mansoura University.

Baseline scores and follow-up examination of dental caries in pits and fissures of molars under the study recorded according to ICDAS criteria. All materials used to seal pits and fissures with strict adherence to individual manufacturer\'s instructions including slow speed handpiece for cleaning of the surface with fluoride free pumice/water slurry, cotton roll isolation, etching agent, and fourhanded technique application.

S[EAL IT APPLICATION]{.smallcaps} {#sec2-11}
---------------------------------

The pits and fissures etched with 37% phosphoric acid gel for 30 s, oil-free air and water sprays used for 20 s to completely rinse the acid and dry the teeth. The sealant was placed over the pits and fissures areas, cured under the light cure for 30 s (430--490 nm, 600 mW/cm^2^) using light-emitting diode (LED) light (Ivoclar Vivadent, Liechtenstein, Germany).

ICON I[NFILTRANT APPLICATION]{.smallcaps} {#sec2-12}
-----------------------------------------

The targeted molars treated with ICON caries-infiltrant following the manufacturer\'s instructions, ICON usage involved the application of ICON-Etch syringe (15% hydrochloric acid) for 2 min, followed by rinsing with water for 30 s and drying with oil-free and water-free air. The etched surface then desiccated using the ICON dry syringe (99% ethanol) for 30 s followed by drying with oil-free and water-free air. ICON-Infiltrant syringe placed on the targeted surface and caries resin-infiltrant dispensed. After 3 min, excess infiltrant was wiped using a cotton roll and the surface was light-cured (430--490 nm, 600 mW/cm^2^) for 40 s. Finally, the infiltrant reapplied for 1 min and light cured for 40 s.

T[HE]{.smallcaps} [GCP GLASS SEAL APPLICATION]{.smallcaps} {#sec2-13}
----------------------------------------------------------

The GCP glass seal material is available as capsules. The GCP sealant mixed for 7 s in a high-frequency amalgamator and applied on the occlusal surface of the teeth following the manufacturer\'s instructions. A thin layer of GCP gloss had applied on the surface of the material with a cotton pellet, the sealant material spread under finger pressure into the pits and fissures. LED-curing unit used for curing of sealant material for 60 s (GCP Carboled CL 01.)

T[HE INFILTRANT/SEALANT COMBINATION APPLICATION]{.smallcaps} {#sec2-14}
------------------------------------------------------------

The targeted molars treated with the ICON infiltrant and subsequently the application of Seal-It followed. The application steps were as illustrated above.

O[UTCOMES (SEALANT RETENTION AND NEW CARIOUS LESIONS EVALUATION)]{.smallcaps} {#sec2-15}
-----------------------------------------------------------------------------

The sealant retention and dental caries on the occlusal surface evaluated at different recall visits following 1, 3, 6, 12, 18, and 24 months. Sealants retention were evaluated according to a modified version of the color, coverage and caries sealants evaluation system.\[[@ref21]\] Dental caries evaluated using mouth mirror and blunt probe at all follow-up intervals. The same external examiner who blinded to the study design evaluated caries incidence and sealant retention. The sealants retention was classified into 4 scores: score A = sealant is present in all the fissure system; score B = sealant is present in \>50% of the fissure system; score C = sealant is present in \<50% of the fissure system; score D = absent sealant.

During evaluation intervals, the presence of dental caries was assessed according to ICDAS criteria and the grades 0, 1, and 2 were recorded while score 3, 4, 5, and 6 were recorded as one category named other grades more than Grade 2. At the end of the trial, in the event of new caries development and sealant failure, the fissures were either resealed or restored.

S[TATISTICAL ANALYSIS]{.smallcaps} {#sec2-16}
----------------------------------

The collected data were organized, tabulated, and statistically analyzed using SPSS software statistical computer package, version 22.0. (IBM Corp., Armonk, NY, USA). The collected data presented as frequencies and compared using the Chi-square test. The differences among the different groups considered statistically significant at *P* ≤ 0.05.

R[ESULTS]{.smallcaps} {#sec1-4}
=====================

The comparison of sealant retention among different sealant modalities during different follow-up intervals indicated that there were statistically nonsignificant differences among the four treatment modalities at 1, 3, and 6 months follow-up intervals (*P* = 0.098, 0.581, and 0.385, respectively). On the other hand, there were statistically significant differences among them at 12, 18, and 24 months (*P* = 0.002, 0.010, and 0.000, respectively) \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of sealant retention among different sealant modalities at different follow-up periods

  Retention   Follow up                                                                                                                                      
  ----------- ----------- ------- ------- --------- --------- --------- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
  Score A     38          36      42      32        31        28        38   30   21   15   23   19   16   4    14   6    3    0    6    2    0    0    1    0
  Score B     4           8       2       10        6         7         2    7    11   9    11   7    14   9    14   12   8    3    10   6    0    0    3    0
  Score C     2           0       0       1         3         5         2    3    4    11   4    9    7    16   6    8    12   9    15   13   31   0    19   5
  Score D     0           0       0       1         3         3         1    3    5    6    3    6    4    12   7    15   18   29   10   20   28   41   18   36
  *P*         0.098       0.581   0.385   0.002\*   0.010\*   0.000\*                                                                                        

\*Statistically significant *P* values. *P*=Level of significance which was calculated by Chi-square test. GCP= GCP Glass Seal

The comparison of caries incidence among the four groups indicated that there were statistically nonsignificant differences among them as regards the distribution of ICDAS grades at baseline (*P* = 0.787), there were no new carious lesions in all Groups at 1 and 3 months. There were statistically nonsignificant differences among them at 6 and 12 months (*P* = 0.108 and 0.305), whereas there were statistically significant differences among them at 18 and 24 months follow-up intervals (*P* = 0.004 and 0.000) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of caries incidence (new lesions) on pit and fissures of different treatment modalities

  Caries                Follow up periods                                                                                                                                                                 
  --------------------- ----------------------- ----------------- --------- ------------- ---------- ----------------- --------- ------------- ---------- ----------------- --------- ---- ---- ---- ---- ----
  Caries free=Grade 0   22                      18                16        21            44         44                44        44            43         43                43        43   41   39   41   41
  New lesions                                                                                                                                                                                             
   Grade 1              12                      17                17        12            0          0                 0         0             0          0                 0         0    0    2    0    0
   Grade 2              10                      9                 11        11            0          0                 0         0             0          0                 0         0    0    0    0    0
   Other grades         0                       0                 0         0             0          0                 0         0             0          0                 0         0    0    0    0    0
   Total lesions        22                      26                28        23            0          0                 0         0             0          0                 0         0    0    2    0    0
  *P*                   0.787                   \-                \-        0.108                                                                                                                         
                                                                                                                                                                                                          
                                                                                                                                                                                                          
  **Caries**            **Follow up periods**                                                                                                                                                             
                                                                                                                                                                                                          
  **12 months**         **18 months**           **24 months**                                                                                                                                             
                                                                                                                                                                                                          
  **Groups**                                                                                                                                                                                              
                                                                                                                                                                                                          
  **Seal it**           **Icon**                **Combination**   **GCP**   **Seal it**   **Icon**   **Combination**   **GCP**   **Seal it**   **Icon**   **Combination**   **GCP**                       
                                                                                                                                                                                                          
  Caries free=Grade 0   41                      38                41        39            40         31                41        33            38         21                39        28                  
  New lesions                                                                                                                                                                                             
   Grade 1              0                       2                 0         2             0          3                 0         4             2          10                2         7                   
   Grade 2              0                       1                 0         0             1          7                 0         4             1          7                 0         6                   
   Other grades         0                       0                 0         0             0          0                 0         0             0          3                 0         0                   
   Total lesions        0                       3                 0         2             1          10                0         8             3          20                2         13                  
  *P*                   0.305                   0.004\*           0.000\*                                                                                                                                 

\*Statistically significant *P* values. *P*=level of significance which was calculated by Chi-square test. GCP= GCP glass Seal

Multiple comparisons at different follow-up intervals between every two sealants modalities (Seal It vs. ICON, Seal It vs. GCP, Seal It vs. combination, ICON vs. combination, ICON vs. GCP and GCP vs. combination) concluded in [Table 3](#T3){ref-type="table"}. All the four modalities have comparable efficacy as regards sealing retention scores and new carious lesions at the first 6 months; however, differences are evident at the late follow-up intervals.

###### 

Multiple comparisons between each two sealants material as regards the sealant retention and caries incidence

  Multiple comparisons         Sealant retention (P)   Caries incidence (P)                                                                                     
  ---------------------------- ----------------------- ---------------------- ------- --------- --------- --------- ------- ---- ---- ------- ------- --------- ---------
  Seal It versus Icon          0.184                   0.866                  0.207   0.001\*   0.041\*   0.040\*   0.685   \-   \-   0.152   0.211   0.013\*   0.000\*
  Seal It versus GCP           0.220                   0.993                  0.391   0.011\*   0.889     0.693     0.965   \-   \-   \-      0.152   0.039\*   0.010\*
  Seal It versus combination   0.239                   0.271                  0.899   0.794     0.279     0.067     0.395   \-   \-   \-      \-      0.314     0.603
  Icon versus combination      0.440                   0.087                  0.104   0.006\*   0.000\*   0.001\*   0.853   \-   \-   0.152   0.211   0.003\*   0.000\*
  Icon versus GCP              0.483                   0.903                  0.820   0.281     0.146     0.078     0.524   \-   \-   0.152   0.603   0.599     0.203
  GCP versus combination       0.340                   0.178                  0.241   0.088     0.091     0.036\*   0.464   \-   \-   \-      0.152   0.012\*   0.005\*

\*Statistically significant *P* values. *P*=Level of significance which was calculated by Chi-square test. GCP= GCP Glass Seal

The retention of Seal It was better than ICON at 12, 18, and 24 months and the differences were statistically significant (*P* = 0.001, 0.041, and 0.041, respectively), the number of new carious lesions was higher in the ICON group than Seal It group at 18 and 24 months and the differences were also statistically significant (*P* = 0.013 and 0.000, respectively).

The retention of Seal It was comparable with GCP except at the 12 months interval, where Seal It group showed more retention and the difference was statistically significant (*P* = 0.011). The number of the new carious lesions was higher in GCP group than Seal It group at 18 and 24 months and the differences were statistically significant (*P* = 0.039 and 0.010, respectively).

On comparison between Seal It and combination, the retention was better in the combination group than Seal It; although, the differences were statistically nonsignificant at all follow-up intervals. Furthermore, the number of new carious lesions was almost similar in two groups at the different follow-up intervals.

The retention of combination was comparatively better than ICON, and the differences were statistically significant at 12, 18, and 24 months (*P* = 0.006, 0.000, and 0.001, respectively), the number of new carious lesions was greater in ICON group than combination group at 18 and 24 months intervals and the differences were also statistically significant (*P* = 0.003 and 0.000, respectively).

The comparison between ICON and GCP showed the retention scores were comparable at all follow-up intervals, and there were no statistically significant differences between them; the number of new carious lesions was higher in ICON group than GCP group at 18 and 24 months intervals, but the differences were statistically nonsignificant (*P* = 0.599 and 0.203, respectively).

On comparison between GCP and combination, although the retention of combination was much better than GCP, the differences were statistically nonsignificant except at the 24 months (*P* = 0.036), the number of new carious lesions was higher in GCP group than combination group at 18 and 24 months and the differences were statistically significant (*P* = 0.012 and 0.005, respectively).

D[ISCUSSION]{.smallcaps} {#sec1-5}
========================

The efficacy of pit and fissure sealants depends mainly on penetration into deep micropores and retention of sealing materials. Previous studies have shown that resin-based (Seal It) and ionomer-based (GCP glass seal) fissure sealants were successful in the prevention of dental caries.\[[@ref7][@ref10]\] To the best of our knowledge, no previous studies compared their efficacy in a clinical trial. The present clinical trial designed to evaluate the efficacy of infiltrant alone and in combination with Seal It for the prevention of pit and fissure caries and to compare its efficacy with Seal It and GCP glass seal.

In the present study, the combination between ICON and Seal It carried out as the two materials are chemically compatible and mechanism of their application is nearly similar while the combination between ICON and GCP glass seal was not applicable.

Most of the studies on sealants have used the half-mouth designs in which teeth on one side of the mouth were treated, and teeth on the other side left untreated; however, due to ethical reasons, untreated teeth not used as controls.\[[@ref19]\] In the present study, every child received sealants on all four first permanent molars. The study sample was the same for the four treatment modalities to ensure equity in all factors, which may affect the results. All the four treatment modalities included equal number of molars in upper and lower jaw as well as the right and left side, thus ensuring that any bias of placing the same sealant material either on maxillary or mandibular first permanent molars or placing the same sealant material on one side (either on the left or right side) was removed.

The follow-ups of sealant retention and development of new carious lesions repeated at different follow-up intervals to evaluate the success or failure of the sealant as clinical evidence suggests that sealant loss occurs in two phases. First, an initial loss due to faulty technique, followed by a second loss associated with material wear under occlusal forces. As found in previous studies, much of the sealant loss occurs within 6 months of the placement. The common cause of the retention loss is the tooth selection and technique failure at the time of sealant placement, the replacement or repair of pits and fissures sealants averages between 5% and 10% per year.\[[@ref22][@ref23]\]

During 1, 3, and 6 months follow-up evaluations, there were no significant differences among the four sealant modalities regarding sealant retention and new carious lesions. These results showed that the efficacy of these different modalities is consistent with the results obtained by conventional sealant to prevent pits and fissures caries.\[[@ref19]\]

The 12, 18, and 24 months follow-up intervals showed significant differences among the four treatment modalities regarding sealant retention and caries incidence, these differences may be due to variation in retention and resistance of the materials to degradation by occlusal forces.

The infiltrant in the present study had the lowest efficacy in prevention of pit and fissure caries compared with other treatment modalities as the number of new carious lesions was the highest among the four treatment modalities at the 24 months. The increased number of molars with complete loss of infiltrant may explain the increased number of new carious lesions in this modality, which may be due to low wear resistance. The results of previous studies concluded that infiltrant exhibited a higher extent of oxygen inhibition, lower hardness, lower elastic modulus, and higher plastic to elastic indentation energy. These inferior properties may reduce the sealing capacity, mechanical strength, and durability of the intraorally exposed part of the infiltrant coating.\[[@ref24][@ref25]\]

The penetration of infiltrant into the deep pits and fissures can be affected by the morphology of the fissures and the lesion position within it, complete cleaning and conditioning of deep narrow fissures is almost impossible. Furthermore, deep fissures allow entrapment of air in occlusal lesions after acid etching and water rinsing.\[[@ref14][@ref24][@ref26]\] Therefore, the results of the present study indicated that treatment with ICON alone for the prevention of pits and fissures caries should not be recommended for dental practice.

The results of the present study disagreed with the results obtained by Anauate-Netto *et al*,\[[@ref27]\] the difference in these results may be due to application of infiltrant in the present trial on sound as well as non cavitated carious lesions while in Anauate-Netto *et al* study, the application of infiltrant was done for non cavitated carious lesions only. It was known that, the resin infiltrant was developed to arrest non cavitated carious lesions of the proximal surfaces, it allows the diffusion barrier to be shifted from the enamel surface towards the lesion body. So the infiltrant may give best results when applied on non cavitated carious lesions not sound molars.\[[@ref28][@ref29]\] Thus, the results from artificial lesions could not be directly applied to pits and fissures carious lesions.\[[@ref30]\] The ages of children in the present study were different from Anauate-Netto\'s study; children participated in the present study were aged between 6 and 8 years with newly-erupted permanent first molars which lead to difficult isolation of teeth and application of rubber dam.\[[@ref31]\]

The results of the present study also confirmed that the efficacy of infiltrant was comparable with GCP glass seal \[[Table 3](#T3){ref-type="table"}\]. At the end of the trial, a complete loss of sealant occurs in the two groups (41 vs. 36) and the number of new carious lesions was not significantly higher in infiltrant (20 lesions) than PCG glass seal (13 lesions).

The higher loss of GCP glass seal during follow-up intervals is similar to that of previous studies; higher loss may be resulted from pushing the bulk of highly viscous material into the molars leading to an insufficient penetration into the deep fissures and significantly higher total loss of the material. GCP glass seal material had not fully hardened even after 40 h which indicated that, glass seal material runs a high-risk of being damaged by the patient even before it has hardened completely. This viscous material also sets quickly which may further have reduced the ability of the cement to flow readily and to adhere to the surface. The morphology and irregularities of the occlusal surfaces may result in entrapment of air voids and may act as an obstacle for good flow and adhesion of glass ionomer.\[[@ref32][@ref33]\]

The less number of new carious lesions in GCP compared with infiltrant may be due to no surface preparation before GCP glass seal application, loss of glass seal material leaves intact enamel surface, which is more resistant to caries attack than rough porous (etched) surface after degradation of infiltrant. In addition, the fluoride release by glass ionomer increases remineralization and antimicrobial activity against cariogenic microorganisms which results in increased resistance to caries attack.\[[@ref34]\]

The nanoparticle-resin material (Seal It) is highly effective to prevent new carious lesions in pits and fissures and these results validate the previous *in vitro* results indicated that Seal It was the best sealant material as it had significantly least microleakage with high shear bond strength compared to GCP glass seal.\[[@ref9]\]

The efficacy of Seal-It and combination modalities was similar at all follow-up intervals except at 18 and 24 months where the retention of the combination was better than retention of Seal-It alone \[[Table 1](#T1){ref-type="table"}\]. The better retention of the combination modality may be due to good penetration of infiltrant that ensures deep diffusion of unfilled materials into micro-pores created by the hydrofluoric acid etchant. In addition to that, covering the surface with Seal It protects the infiltrant from dissolution by saliva or occlusal force. Although these results were statistically nonsignificant, still support the results obtained by Lausch *et al.*\[[@ref30]\] who observed that the combination of microfill resin and infiltrant seems to render the advantages of the micro-filled fissure sealant and the caries infiltration procedure.

The better results in combination modality can be explained by the fact of etching regime used for the infiltrant procedure that can remove soft and hard tissues within the fissure and erodes the noncavitated lesion surface. The subsequent penetration of the infiltrant deeply into etched enamel might enhance the retention rather than superficial sealing procedure. These results are in accordance with the results obtained by Kielbassa *et al.*\[[@ref18]\] who described, that infiltrant and conventional resin combination improved the quality of fissure sealing compared with the use of a conventional fissure sealant alone and recommended its clinical use; particularly with initial carious lesions.

Regarding the comparison between Seal It or combination modalities with ICON or GCP modalities \[[Table 3](#T3){ref-type="table"}\], the development of new carious lesions was more in ICON and GCP groups \[[Table 2](#T2){ref-type="table"}\], perhaps due to low wear resistance and rapid dissolution of ICON and GCP. The remaining/leftover penetrating material within fissures or small cavities offers the advantage to both Seal It and its combination with ICON, the infiltration of micro tags/the porous lesion body with dissolution resistant nanoparticle-resin sealing materials will remain even if the filling of the fissure or cavity is lost. This might arrest the progression of the caries process even if the sealing material does not remain intact.

As speculated, the combination procedure improved the retention but ICON Seal It combination procedure takes more time almost double to the Seal It procedure; therefore, it seems less practicable in treating children. Although, the resin infiltrant is highly effective for prevention of initial proximal caries,\[[@ref35]\] the results of the present *in vivo* study confirmed that the use of the infiltrant alone in prevention of pits and fissures caries is not effective, but its combination with nanoparticle resin-based fissure sealants are more effective in the prevention of pits and fissures caries. The resin infiltrant and nanoparticle resin-based combination enhance their clinical efficacy in prevention of pits and fissures caries, but statistically, it was not significant, so further studies should be proposed to evaluate the efficacy of such combinations in the future.

C[ONCLUSION]{.smallcaps} {#sec1-6}
========================

According to the results of the present study, it can concluded that:

The usage of infiltrant alone in prevention of pits and fissures caries is not effective in prevention of pit and fissure caries.

The resin infiltrant (ICON) and nano particle resin based sealant (Seal It) combination clearly improves their effectiveness in prevention of pits and fissures caries and is recommended for clinical use particularly for pits and fissures with initial carious lesions.
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